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ABSTRACT

This paper describes the development of thermally

efficient compact fluorescent fixtures. Experimental data
shows that decreases in fixture efficlency can approach
20% due to elevated temperature conditions inside the
lamp compartment. These elevated temperatures increase
the minimum lamp wall temperature of the compact
fluorescent lamp and reduce the light output and efficacy
of the lamp ballast system.
A series of prototype fixtures are described that employ
convective venting and heat sinking to reduce elevated
lamp temperatures. These cooling strategies can produce
20% increases in light output and efficacy.

INTRODUCTION

Compact fluorescent lamp systems are increasingly being
used in commercial lighting applications. These include
retrofit lamp/fixtures systems which are intended to
replace existing incandescent sources and new fixture
systems intended for new construction and major
renovation. Both these applications can potentially reduce
energy use and fixture maintenance as a function of their
increased efficacy and lamp life in comparison to
incandescent sources. :

A major concern with the operation of compact
fluorescent lamps inside small fixtures is their tendency to
lose both light output and efficacy as a function of elevated
lamp wall temperatures. Most compact fixtures present a
constricted thermal environment to the lamp which
inhibits thermal dissipation of the lamp to the
surroundings. This produces elevated lamp compartment
and lamp wall temperatures resulting in thermally based
efficiency losses that can approach 20%.

The objective of these studies is to demonstrate the
enhancement of both lumen output and efficacy obtainable
with fixture systems that employ cooling techniques to
reduce elevated lamp wall temperatures. The approaches
involve cooling of lamps with small heat sinks that
dissipate heat generated by the lamps to the surrounding
ambient and the use of convective venting of the lamp
compartment that results in cooler lamp temperatures.

METHODOLOGY

The lumen output and efficacy characteristics of a series of
commerdal fixtures and lamp ballast systems were studied.
These fixtures were tested operating with and without
lamp cooling approaches in order to assess the potential
efficiency enhancements.

Two fixture types where examined:
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Figure 1. Cross section and plan projection of the 13 watt
compact fluorescent screw-in fixture. Cross section also
shows the position of the radial heat sink in contaét with
lamp.
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Figure 2. Open down light fixture with and without
venting system.

1) Screw-in 13 watt compact fluorescent fixture.

Figure 1 shows a schematic cross section of the fixture
system indicating the geometry of the radial heat sink
system. This fixture systems consists of a 13 watt compact
fluorescent lamp mounted vertically within a reflector
with an integral lens, ballast, and edison base. This fixture
is used primarily as an incandescent replacement within a
recessed down light fixture. The fixture is modified to
incorporate a radial heat sink system in order to cool a
small area on the ends of the lamp. This included a small
contact shaft attached to the ends of the compact lamp.
This shaft then extends through the lens of the fixture and
is attached to a series of heat fins that radially project out
along the outer surface of the lens. The radial heat sink
system conveys heat away from the lamps through the
lamp compartment to the outside ambient where it is
dissipated by convection.

2) Recessed down light with two 26 watt compact lamps.
Figure 2 shows a cross section of both the standard and

the modified fixture indicating the primary convection

pattern through the lamp compartment.

This fixture includes two 26 watt compact lamps mounted

horizontally within a spun open aluminium reflector.

" This fixture is typically mounted on a ceiling surface

recessed into the plenum and includes two hard wired
remote ballasts. This fixture was modified to incorporate
convective venting with the use of small venting
apertures located in the top of fixture reflector in direct
proximity to the ends of the lamp. These vents where
designed to set-up a primary convection across the ends of
the lamp at the location of the minimum lamp wall
temperature (MLWT).
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Figure 3. Experimental fixture rack for holding compact
fluorescent fixtures during temperature and photometric
studies. Included is the schematic of the data acquisition.
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Figure4. Cross section of temperature controlled
photometric integrating chamber for characterizing the the
light output and efficacy characteristics of compact
fluorescent lamps over a wide range of ambient
temperatures.

Each of the test fixtures were mounted inside a simulated
ceiling and plenum space and operated for a period of 3 to
4 hours until the fixture system reached thermal
equilibrium. During each fixture test, lumen output and
power input where monitored for both configurations of
the fixture. Figure 3 shows a cross section of the
experimental ceiling plane in which test fixtures were
mounted. A study of the temperature sensitivity of a bare
compact fluorescent lamp with a horizontal burning
position was also conducted inside a temperature
controlled integrating chamber. Light output and power
input where measured over a wide range of ambient
temperatures while measuring changes in lamp wall
temperature. A series of thermistors were attached to the
length of the lamp as well as the shoulders of the lamp in
order to measure MLWT. Figure 4 shows a cross section
through the integrating chamber indicating position of the
lamp, photometer and thermistors.

EXPERIMENTAL RESULTS

Lamp -ballast temperature performance
Figure 5 plots the spatial variations in lamp wall

temperature for the bare 26 watt compact fluorescent lamp
at ambients of 25°C and 50°C ; aiso included is a
schematic of the lamp showing relative positions of
thermistors along the length of the lamp.

At 25°C ambient, the lamp wall temperature is at a
minimum at approximately 36-37°C at the front ends of
the lamp. Temperature then increases sharply to
approximately 60°C and then levels off across the lamp.
Toward the base the base of the lamp temperature
increases to approximately 70°C. The spatial variations at a
50°C ambient are very similar to those obtained at 25°C
with an approximately 20C° shift in temperature across the
length of the lamp.

Figure 6 plots the light output and efficacy variations as a
function of changes in MLWT. Light output and efficacy
are maximal at a MLWT of approximately 40°C. With
increasing lamp temperature there is a progressive loss in
both light output and system efficacy. At a 60°C MLWT,
these losses in light output and system efficacy approach
20%.
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Figure 5. Spatial temperature variations across the
compact lamp. and schematic of lamp showing thermistor
locations.

Screw-in_13 watt fixture

Figure 7 plots the variations in efficacy and light output
over time for both configurations of the screw-in compact
fluorescent fixture. For the standard fixture both light
output and efficacy reach a maximum after 5-6 minutes of
operation. Both light out and efficacy then decline to 80%
of the maximum after three hours of operation. For the
fixture operating with the radial heat sink light output
reaches its maximum somewhat later than the standard
fixture; 20-30 minutes after the lamp is energized. System
efficacy and light output are then maintained at 98-99% of
the maximum for the duration of the experiment. In
comparison to the fixture dperating without the heat sink
system this represents a approximately 20% increase in
light output and system efficacy
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Figure 6. Light output and efficacy vs. MLWT for
horizontal burning position of 26 watt compact fluorescent
lamp.
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Figure 7. Variations in light output and efficacy for 13
watt fixture operating with and without the heat sink.
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Figure 8. Variations in MLWT and light output for un-
vented fixture. .

Recessed down light with two 26 watt lamps
Figure 8 plots the changes in MLWT and light output

over time for the standard recessed down light. MLWT
shows a rapid increase after the fixture is energized
reaching a maximum of a approximately 60°C after a
period of 3 hours. Light output shows an inverse
relationship to MLWT peaking shortly after the lamps are
energized and steadily decaying to approximately 80% of
full light output. :

Figure 9 shows the same changes in MLWT and light
output for the fixture modified to incorporate convective

venting. MLWT reaches a asymptotic limit of 4546°C, 15

C° cooler than the un-vented configuration. Light output
reaches a maximum and then decays to approximately 95%
of the maximum output. This represents approximately
20% increase in light output in comparison to the stock
un-vented fixture.

Figure 10 plots the changes in system efficacy and light
output for both the vented and un-vented 2x26 watt
recessed down light fixture over the period of three hours
For the stock fixture efficacy and light output reach a
maximum 2-3 minutes after the fixture is energized. Both
efficacy and light out reduce to approximately 83% and 80%
of maximum respectively over the duration of the
experiment. For the vented fixture light output and
efficacy reach the their maximum at 5-6 minutes after the
fixture is turned on. Both decay to approximately 95-96% of
their maximum after three hours of operation. The cooler
operation of the fixture produces approximately 15-20%
increase in efficacy and light output.
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Figure 9. Variations in MLWT and light output for vented
fixture.

105
100 +—f -0,
3 BTN :
g o °)
8 o5 ]
& 1]
a U
2
§ %0
»
3 _—
"1
£ =5
o
-1
g [ iif
£ w4 B AostanoarD -
g - [ EFRCACY-STANDARD
¢ £
P
I~ @ ROVENT
. O EFRACACY-VENT
7 REEER
1 10 100 1000
TIME-MINUTES

Figure 10. Variations in light output and efficacy for both
standard and vented fixture configuration.



DISCUSSION

The results show that a highly constricted thermal

environment of the compact fixture causes substantial
losses in both light output and system efficacy. These losses
occur as the compact fixture presents for the compact
fluorescent lamp which results in high lamp wall
temperatures.
For the screw-in fixture the lamp is completely enclosed by
both the reflector and the lens system. Also this fixture is
typically operated within an existing recessed fixture that
restricts heat dissipation from the lamp. This type of
compact lamp fixture system is used to displace 60 to 75
watt incandescent sources in existing fixtures. The rated
lumen output of the compact lamp may closely match the
lumen output of a 75 watt incandescent R-lamp. However
with 20% thermal based losses in lumen output the lamp
fixture system may fall well short of its ability to achieve
comparable lumen output in comparison to the 75 watt R-
lamp. The application of a heat sink system within the
fixture allows the lamp to operate at or near its maximum
output. With a 20% increase in lumen output, the compact
fixture system will be able to displace the incandescent 75
watt R-lamp in many applications.

The recessed down light with two 26 watt lamps showed
similar losses in both lumen output and system efficacy.
. Even with the open geometry of the fixture, the deep
reflector allows a layer of air to stratify within the fixture
Testricting convective dissipation of heat from the lamps.
Modifications to the fixture that allows for convective
venting significantly reduced the MLWT of the lamps
within the fixture resulting in a 20% increase in lumen
output. These types of fixture systems are used in new
construction and major renovation applications. A 20%
increase in light output and system efficacy will
significantly reduce power densities and potentially reduce
building costs. This results as increased efficiencies will
allow for less fixtures to be used to maintain a desired
illuminance level.

The major concern with convective venting is the
potential light losses that exist from the apertures in the
top of the reflector and the potential for dirt depreciation.
It was estimated that the light losses incurred from the
venting apertures was on the order of 5-6%. It is
anticipated that most of these losses can be recovered with
appropriate baffle systems. Dirt deprediation should not be
an issue due to the open geometry of the reflector and that
air born dust or insects will not be enclosed or trapped with
the lamp compartment.

CONCLUSION

Light losses due to thermal conditions within compact

fluorescent fixtures can approach 20%. Similar losses in
system efficacy also occur due to lamp heating. These
thermally induced losses in light output and efficacy can be
recovered with careful design of the fixture that reduces
ambient and lamp wall temperatures. These approaches
include the use of heat sinking the lamp directly to the
surrounding air or with the use of convective venting
through the lamp compartment.
Appropriate thermal control of the lamp/fixture system is
a critical requirement in order to effectively realize the full
potential of the compact fluorescent in terms of its ability
to displace incandescent sources.
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